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physical and one spurious drag components has been developed. In this thesis, a mid-field drag decomposition 
method based on the momentum conservation theorem around the aircraft has been developed. By using the 
mid-field drag decomposition method, it is expected to eliminate the effect of unphysical entropy production. For 
the evaluation of the performance of the drag decomposition method, it was firstly applied to two- and 
three-dimensional simple CFD results of structured mesh eomputations. It was confirmed that the total drag 
predicted by the drag decomposition method showed good agreement with that of conventional surface integration. 
The physical drag components were predicted almost independent on the mesh resolution by excluding the effect 
of unphysical entropy production. Moreover, the entropy drag was visualized in the flow field as shown in Fig.1 . 
These abilities are effeetive to investigate the drag reduction mechanisms in detail. 
Chapter 3 Unstructured Mesh Dra'* Prediction Using Drag Decomposition 
The drag decomposition method was applied to unstuctured mesh CFD results of TAS code. It was applied to 
the subjects ofseveral CFD workshops such as DPW-2, DPW-3 held in USA and HLD-CFD workshop in Japan. 
In Fig.2, the computational geometries for these workshops are indicated. The elimination of the effect of 
unphysical entropy production brought great improvement in the accuracy of drag prediction in all cases, and the 
'pure' drag (sum of physical drag components) showed much better agreement with the experimental data. In most 
cases, the spurious drag due to unphysical entropy production was mainly generated around the leading/trailin*' 
edge and the nose of fLlselage. In DPW-3, the drag decomposition method was applied to NSU3D results of the 
University ofWyoming. 
Chapter 4 Unstructured Mesh Adaptation Using Drag Decomposition 
A new unstructured mesh refmement method has been proposed and investigated to predict drag aceurately 
and to reduce the unstructured mesh dependency efficiently. The new indicator for the mesh refmement was 
proposed based on the entropy drag visualization ability of the drag decomposition method. The entropy 
drag-based mesh adaptation showed better performance than other methods such as the feature-based method, and 
the mesh dependency could be reduced ef~lciently. These fmal meshes are visualized in Fig.3. Owing to this 
investigation, the importance of the far-field mesh resolution, in other words the importance of the control of the 
mesh size transition ~rom the near-field to far-field, was clearly indieated for accurate drag predic:tion. 
Chapter 5 Aerodynamic Design Optimization Usiug Drag Decomposition 
The mid-field drag decomposition method was applied in aerodynamic design optimizations. As the accurate 
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Fig.2 Computational geometries of several CFD workshops. 
Frcun left to right: DLR-F6 WB, wing alone case. JAXA high-lift configuration model 
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